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Research on HMI Development Guidelines for Mobile-based
Autonomous Driving Riders Through Usability Evaluation
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CAV(Connected and Automated Vehicle)-"/] &3 g Tekd Tlgo] B oy, AgAtet A
< AR AFE 5l AAANAFE 71ed FEd CAVEY CHV(Conventlonal Human-operated Vehicle)7}
EAste 22X "HEATt OV“ 3tal CAVE 0|88  I=EE =oFe AE AE 7€ /fdo] desith
2 A7e HoAzb g 8 AR AHE A vty ] el AdAHoE HRE AL wE F Qe
HMI(Human Machine Interface)E A|¢Fetaizl gttt AA| a2k 288 4+ U=F Altst= HMI 7ho] =29l
of gk Agee ASsh] Al gAdd AETHE o E 3 ASUER(FEGL Focus Group Interview)9} Al
M52 A (Eye-tracker) S o] &3] wa AFe AdstaL o] 7|¥HgE HMI 7ho| =ek9lS Al¢Hie.

Abstract

Various technologies for the commercialization of Connected and Automated Vehicles(CAV) are being developed,
but technologies that connect users and vehicles through information provision are insufficient. It is necessary to
develop information delivery technology that helps users use CAV with confidence on roads where CAV and
Conventional Human-operated Vehicles(CHV) are mixed. This study proposes a Human Machine Interface(HMI) that
allows users to receive information visually to easily grasp the driving information and condition of the vehicle. In
order to verify the suitability of the proposed HMI guidelines to be applied to actual vehicles, we use Focus Group
Interview(FGI) and Eye-Tracker to conduct cross-validation and propose HMI guidelines based on this.
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[A] Setting the scope of research

Specific road nodes with CAV and CHV Research purpose

Development of Mobile Environment-Based HMI Design
Guidelines for CAV Riders on Specific Road Nodes with
CAVand CHV.

1
I Hypothesis for HMI Design Development
'Study on the Visibility and Recognition factor for HMI
I Elements in LV4/4+ Autonomous Vehicles (2023)' was
selected as a prior study and set to focus on HMI
|

information composition and design direction

Vehicle driving information and status for CAV riders

Prior
Resoarch RTINS Rescorch [VRNREISY
purpose

[B] Setting Hypotheses

<Hypotheses 1> <Hypotheses 2>

Is HMI information composition and design direction

based on research on *Study on the Visibility and When applying the HMI design guidelines derived
Recognition factor for HMI Elements in LV4/4+ from expert testing to real-world situations, is the
Autonomous Vehicles (2023)" and existing mobile CAV occupant aware of them quickly and accurately?

navigation analysis appropriate?

<Conducting an Expert Interview (FGI)> <Conducting an Heuristic Test>
FGI: In-depth interview with design experts to verify Eye tracking: Evaluation of service design suitability
Hypothesis 1 and directions for new HMI design using user's eye tracking data

[C] Expert Interview (FGI)

Expert Interview (FGI) Purpose

Composition and design directional suitability verification of HMI information based on prior research
and existing mobile navigation analysis.

STEP1 STEP 2 STEP3

NG dWE—
o

step 1 : Determining the physical and cognitive suitability of components and suitability
of the information display area

step 2 : Hypothesis Conformity Judgment for Combination of HMI Components
step 3 : Determining the Direction of the HMI Design Guidelines

[D] Heuristic Test

Heuristic Test Purpose

Validate perceptions of HMI design guidelines derived from expert interviews (FGIs) when applied to
real-world situations

Validation target : HMI Design Draft

The vehicle driving status and control conditions linked
with real-time driving scene video are provided through —

amobile-based HMI

Driving View Footage

Visually provide subjects with actual driving conditions
that match the HMI design draft T

Subjects
Conduct a Q&A after the experiment using the Eye-Tracker

[E] Derive guidelines

[C] Expert Interview (FGI)

[D] Heuristic Test

- Derive design elements for development targets

- Investigate adequacy and design preferences - Understand the feasibility of the design development
for elements plan derived

- Design brainstorming and development process - Derive the optimal model for each scenario
justification research

[E] Final Guidelines

Final design Simulation Prototype
development

Derive Look & Feel

I ‘Wire-frame Design

8 1, A7 2 e
Fig. 1. Summary of research method
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[Previous Study] Layout Guidelines for
Displaying Wide Display Information Elements

Text 90mm x 20mm (Allowable range : 230mm x 20mm)
901 m
(Allowable rar mim x 45mm)

Location features of information elements
displayed on a wide display

Experiment result :
Left area response rate> Right area response rate

TEXT ', Because there is a ot of basic information in the
left area, the display position of text information is Size of
placed from the top of the center to the top vehicle
access
information
Experiment result : Top left + Center display area
ICON | , Top left : Icons with high frequency of display
Center : Icon for emergency situation
TEXT
ap i -
ICON Experiment result : Center X

a3 2 ZHid HMI 2fojot2

Reason for
change

A HMI TRl 7hol=efele] Wkl & :

De AR B7F BAE, duidl 208 e
2 Z18geHe]. A 2 AX|(Eye-tracker)E AHE-
st} obM AEV} JHFEE Yo E =EH mul
o gMI fAQl slol= AR BAo AL
< "o JMAEE AFT

o
A=

Ex Flolzelel £F WAz, A7 clEife)
Ae4 %A B SR8 doHE Fgmes
BHET o] Aol AEIIES A=z A
AgA AFL SR TAA U4 YL
ANG = Qow, o8 Fa AH BHA HMI
Al sloleele wEd,

2 d7e 384 ==H
Aol B ol AMom HF B
(Eye-tracking)?} A&7} JEFHFGHE 53 o4t 7
Zoof a7 NHE ¥Y & YE 48 710
7} 9otz A

HolHE Az

H, oA LHE
3.1 ZHld HMI 2ojotR FA

CAVE Errd ujrlAlo]d HMI  #lo]obz-2
“LV4 4+ A&7 Ak Ade % HML 84
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Layout Guidelines for Displaying mobile Display Information Elements

TR

Location features of information elements
displayed on mobile display

The vehicle access information display area is used independently in
part of the entire display area : Other information elements do not
affect the recognition of the segment information elements

— Change the information display area to center

The vehicle access information display area is used independently in
part of the entire display area : Changing the display area according to
the importance of information in that area does not come as a
significant change to the use

— Change the information display area to center

Place in the same area as the wide display

__I.L)H

Fig. 2. Mobile HMI layout configuration
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By analyzing scripts for 19 question categories, expert's
== responses are classified into three types
(R, Recognition, and Emotion).

v

Based on the content of the script, the overlapping opinions
of experts are summarized into one.

B [ A. Vehicle Access Information Display Area ]

Q. Shape and Motion Questions Note
‘Seems to be more of a directional or safe indicator than a warning, Need
m

[A.Vehicle Access.
InformationDisplay Area]
Question category : 6

Theme
1

his good for the perception hat
ction of the center of the

itis perceived to

[8.TEXT]

of distance from the object or speed

the height of the terrain,

*® | You can feel the distance and space, and the gradation effect is good.

It seems ke the occupants should be more concerned about the risk.

it d ., soit

" 5 ME7t RGN 28 ¥ 8 &4
Fig. 5. FGI question and response analysis
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| Whatreasons do you think Mobile HMI Design [Draft A] is suitable/unfit?

* Categorize response types

M | (Negativel I think it would be nice to have something that only shows up i really d

N | INegative] I think I look forward because | dor't know when a sudden situation will

O | Negative] | keep looking ahead because 'm nervous,

T | INegative] I think it makes me focus more on the driving situation, just in case. ‘

[ 'Positive’ Response Results ]

*No problem in understanding the situation  *There's enough direction

* and screen infol
[ 'Negative’ Response Results ]

(1st(25%)) > (2st(20%)) > (3st(15%) )

(@ state of insecurity (@) Confusion about mobile viewpoints (8) Falling concentration of gaze
| What reasons do you think Mobile HMI Design [Draft B] is suitable/unfit?

\ g -
A | [Positive] | think it was also displayed on the mobile screen when | thought the driving s| Categorize response types
B hing, so1 thi ongtind| () Relleved .
C t of things to pay attention to when there: ut! @ Quick recognition 0]
D | [Positive] The voice guidance delivered the information right away, so | was able to judgll (3) Easily understood to situation ®
E | [Positive] I think it's better to hear voice be hange lanes(example) quickly. || (&) Possible to predict the situation @
F | [Positive] Listening to the sound, it was definitely easier to check the navigation system| () High gaze inducement to mobile HMI 0]
T ‘ [Postive] I can't see well because of the sound. ‘ ®06

v
[ ‘Positive’ Response Results ]
(1st(55%) ) > (25t(35%)) (3st(15%) )
(3) Easily understood to situation (8) High gaze inducement to mobile HMI (D) Relieved

ments build up fatigue  *I can understand the situation only by sound.  *| don't understand certain terms

J% 6 AM8Y "ot Hol8H 2t 24

Fig. 6. Analysis of usability evaluation Q&A results

A 4 dolEE B4 Ade a9 7% 2
ot AA 34 dolEE AN i AN AE=
(40%) 5tk BAIGES] Hat Al AEE(61.9%)7F H
= SA4EA
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[ Heuristic test _ Eye tracking _ Sound X : Draft A]

Eye-tracker : Number of gaze visits in a specific area by hour

e averat accurac
isi s gaze (20 people) Average gaze accurac
|_ of specific area
S T
o

* Direction of result interpretation

= During the section in whi
displayed, the higher the a
gaze accuracy, the higher a

0 @ ®
]

[ Heuristic test _ Eye tracking _ Sound O : Draft B]

.

accuracy
ze (20 people) Average gaze accurac
|_ of specific area
<
)

* Direction of result interpretation

& : i - During the in which message information is
- 3 disy p\ y ed, the hgh rthe g value of the subjects
gaze accuracy, the higher awareness of the proposal.

J8 7. ALSY "ot AIM FH HlolE 24

Fig. 7. Usability evaluation gaze tracking data analysis
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Final Mobile HMI Design Guideline -

(1]

(2]

[4]

Size o Itis applied with a size that accounts for 50% of the total screen area based on mobile screen.
e Divide the vehicle in eight directions to divide the warning level into three stages, depending on the
distance and speed of the approaching hazard Display. (Using morphological motion and color change)
Vehicle Access Motion The color of the motion representing the hazard is shown in a red series.
Information
Display Area Even in general situations that do not represent risk factors, a monotone displays motion indicating
that you are activating, rather than just adding color.
Additional Additional features allow you to adjust the transparency of the vehicle access information display
proposal area to check map information according to circumstances. (Touch: Translucent ON/Translucent OFF)
Expression place o Centrally placed within the vehicle access information display area.
TO Size e Text information is displayed in 15pt.
TEXT TEXT
“e00 | Maximum range 9 Limited to 70-80% of the information element display area within the vehicle access display area.
Sentence Type In combination with voice, a sentence type of short answer structure is applied.
I Expression place ﬂ Centrally placed within the vehicle access information display area.
o
Size @ Applies in a size of 22mm X 22mm.
ICON ICON +
Color A color that distinguishes each characteristic of the icon is applied, but consistency is applied with one tone.
[2]
Design Designed in a form that can be intuitively understood by applying ISO regulations.
Expression place o Centrally placed within the vehicle access information display area.
TI?° Proportion e The ratio of the size of the icon information to the size of the text information is applied at 76%. (text :13pt)
(5]
TEXT + ICON con Maximum range e Limited to 60-70% of the information element display area within the vehicle access information display area.
]
° Disposition o Text information is located below icon information and center alignment is applied for the two information.
Distance e The interval between text information and icon information is applied as 20% of the length of the icon.
O 8 xF ZHiY HMI CIAtel Jtol=2tel
Fig. 8. Final mobile HM design guidelines
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